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Abstract

Oral cancer is one of the most common cancers globally. Survival rates for patients are directly correlated with stage of diagnosis;
despite this knowledge, 60% of individuals are presenting with late-stage disease. Currently, the initial evaluation of a questionable
lesion is performed by a conventional visual examination with white light. If a lesion is deemed suspicious, a biopsy is taken for
diagnosis. However, not all lesions present suspicious under visual white light examination, and there is limited specificity in
differentiating between benign and malignant transformations. Several vital dyes, light-based detection systems, and cytology
evaluation methods have been formulated to aid in the visualization process, but their lack of specific biomarkers resulted in high
false-positive rates and thus limits their reliability as screening and guidance tools. In this review, we will analyze the current
methodologies and demonstrate the need for specific intraoral imaging agents to aid in screening and diagnosis to identify patients
earlier. Several novel molecular imaging agents will be presented as, by result of their molecular targeting, they aim to have high
specificity for tumor pathways and can support in identifying dysplastic/cancerous lesions and guiding visualization of biopsy sites.
Imaging agents that are easy to use, inexpensive, noninvasive, and specific can be utilized to increase the number of patients who
are screened and monitored in a variety of different environments, with the ultimate goal of increasing early detection.
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with late-stage (stages III and IV) invasive carcinomas, and,
upon diagnosis, approximately half of patients have already
developed regional or distant metastases, further contributing
to decreased overall survival.”'? Currently, the gold standard

Introduction

Oral cancer is one of the most common cancers globally with a
high 5-year mortality rate of approximately 50%.'* In 2012,
the global incidence for oral cancer was an estimated 529 500

cases with 292 300 deaths attributable to the disease.’ In the
United States, the estimated number of incident cases in 2018 is
51 540 with 10 030 anticipated deaths.® Oral cancer is also
considered one of the most debilitating cancers, as treatment
can lead to disfiguration and difficulties in speech, chewing,
and swallowing.” Statistically, oral cancer is more prevalent in
developing countries, among populations with low socioeco-
nomic status, and among the male population, likely due to
increased exposure to known oral carcinogens such as tobacco
and alcohol.>*® Survival rates for patients are directly corre-
lated with stage of diagnosis—if oral cancer is diagnosed at an
early, localized stage (stages I and II), the disease can be more
effectively managed with surgery, with or without radiation
and chemotherapy.® Unfortunately, 60% of patients present

for evaluating the oral cavity is visual inspection and biopsy of
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suspicious lesions. There is a rationale for improving ima-
ging aids to ultimately improve screening for oral cancer
with the hopes of both monitoring precancerous lesions and
treating new malignancies as early as possible. Ultimately,
improved early detection will likely decrease the number of
patients presenting with late-stage tumors and help to
increase survival rates.”"?

The most common type of oral cancer is oral squamous cell
carcinoma (OSCC), accounting for 90% of all oral cancer diag-
noses.> When patients present with late-stage disease, OSCC is
easily recognizable due to characteristics such as the presence
of nonhealing infiltrating ulcers or large exophytic lesions,
bleeding, ear pain, teeth mobility, and difficulty breathing and
speaking.' Early-stage oral cancer, on the other hand, is often
difficult to recognize, as it remains asymptomatic and clinically
appears very similar to benign lesions adding hurdles to make
early, timely diagnoses."”'*!> Many patients, prior to devel-
oping malignancy, will develop precancerous lesions that are
mainly leukoplakia (white patches) or erythroplakia (red
patches)."” A systematic review reported that malignant
transformation rates for leukoplakia ranged from 0.13% to
34.0% with a mean of 3.5%, this is contrasted with erythropla-
kia, which is much less common and has a significantly higher
likelihood of transformation, varying from 14% to 50%.'¢"°
Additionally, other inflammatory disorders of the oral mucosa,
such as lichen planus, could lead to an increased risk of OSCC.’
The current gold standard is a conventional oral examination
(COE) using the naked eye and white light to visualize the oral
cavity. Due to the subjective nature of this method, a successful
examination needs to be executed by an individual with exten-
sive training—inherently limiting the group of people who can
perform them and often the environments that they can be
performed in. Furthermore, despite training, the naked eye may
not be able to visualize all regions of concern and often will
detect both benign and malignant lesions.'' Several imaging
aids have been developed, but due to lack of specificity and
difficulty in usage, there is very little improvement over tradi-
tional examination. The purpose of this review is to analyze
several of the current screening tools and diagnostic aids and
demonstrate the need for an imaging agent that can support
earlier identification of lesions. An ideal imaging agent is
highly specific, painless, inexpensive, and simple to use and
can be implemented in a diversity of environments. It should be
able to identify, screen, and monitor high-risk patients and
suspicious lesions, support in determining the necessity for
biopsy and delineate margins—molecular imaging agents can
fill this gap.

Current Screening Methods

Oral cancer screening has the goal of monitoring premalignant
lesions and increasing the detection rate of early-stage oral
cancer. Stage I and II tumors can be effectively treated and
have dramatically higher survival rates compared to late-
stage oral cancers, yet many dysplastic regions and early-
stage malignancies are difficult to detect.'*>7-1%15:2% The
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Figure 1. Overview of imaging methods discussed in the article.

following screening methods are the most commonly discussed
current screening methods (Figure 1), but others have been
introduced as well.*!

Conventional Oral Examination

The standard method for oral cancer screening is a COE. In a
COE, a white light is used to visually inspect the oral cavity.
The clinical efficacy of this method is controversial due to the
reliance on the naked eye to identify initial malignant lesions
that are often difficult to visualize and even harder to differ-
entiate from benign or inflammatory lesions (Figure 2).'!
Therefore, the COE is used to guide the necessity and region
of biopsy, and a conclusive diagnosis is based on the histo-
pathological evaluation.'' A meta-analysis from a systematic
review found the sensitivity and specificity of COE to be 88.7%
and 60.9%, respectively.?> While COE can be beneficial, this
approach still has significant shortfalls. Some of the reasons for
its ineffectiveness are that (1) benign oral lesions are very
frequent and, even for a trained professional, visual diagnosis
of superficial lesions can be difficult, leading to variable and
low specificity.??> Additionally, benign oral mucosal
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Figure 2. Morphological appearance of different pathologies on the tongue. Malignant (a) and benign (b) oral lesions can be difficult to

distinguish with white light alone.

abnormalities can be found in 5% to 15% of the population, and
those could be misdiagnosed as premalignant lesions.''?
(2) The naked eye often cannot identify dysplastic and early
cancerous lesions. A study conducted by Thomson in 2002
included 26 patients who were diagnosed with OSCC or pre-
malignant lesions. “Mirror image” biopsies were taken in ana-
tomically comparable sites within the oral cavity from what
visually appeared to be normal mucosa. Of the 26 biopsies
taken, 6 patients presented with atypical cells likely due to
irritation, 7 had dysplasia, and 2 had carcinoma in situ.
Although the study included a small number of patients, 58%
of normal appearing mucosa actually contained abnormal tis-
sue, demonstrating that abnormal lesions may be missed by
COE." (3) A COE’s success is dependent on the provider’s
level of training and experience.

Therefore, it has been suggested that complementation of
classic COE with visual aids and specific imaging markers
could improve oral cancer screening practices and early
diagnosis.

Toluidine Blue

Toluidine blue is a dye that has an affinity for acidic tissue
components such as nucleic acids, which are more abundant in
dysplastic or malignant areas due to increased cellularity.**>®
It is used to help delineate tumor margins and aid in visual
inspection for OSCC (Figure 3a).*' A meta-analysis was per-
formed on 14 studies, and determined sensitivity and specifi-
city for toluidine blue staining ranged from 40% to 100% and
from 31% to 100%, respectively.''** A study that compared
toluidine blue staining to visual inspection found that toluidine
blue had a much higher sensitivity than a COE alone but that
the specificity for both were similar—around 80%.?” Toluidine
blue staining may be beneficial to high-risk patient popula-
tions, but the lack of improved specificity over COE and pro-
vider subjectivity challenges its broad clinical adoption.'>~?

Lugol’s lodine

Lugol’s iodine, also known as Lugol’s solution, is composed of
elemental iodine and potassium iodide. When Lugol’s iodine is
applied onto normal tissue, it reacts with intracellular glycogen,
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Figure 3. Vital dyes as diagnostic adjuncts. (a) Toluidine blue staining
the oral cavity to identify leukoplakia lesion. (b) Lugol’s iodine staining
oral mucosa, labels correspond to the following, A: invasive squamous
cell carcinoma, B: dysplastic tissue, C: normal mucosa, D: normal
orthokeratinized mucosa. Absence of staining in A indicates the
malignant nature of the tissue. Adapted from McMahon et al*® and
Awan et al.*°

resulting in a brown color change. Normal tissue, particularly
superficial epithelium, contains greater amounts of glycogen
than malignant tissue, which will stain to a more limited degree
(Figure 3b).2>*-% The diagnostic value of Lugol’s iodine has
been described as limited due to a high degree of nonspecific
staining.*> Along with tumor, Lugol’s iodine may lack staining
in any regions of atrophy, areas of inflammation, and many
benign, potentially never transforming histologies, such as
linea alba, leukoedema, or leukoplakia—all of which are
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common in high-risk populations that would be the benefici-
aries of screening.®>* It has been reported that Lugol’s iodine
could be more useful as a tool for defining surgical margins and
outlining areas for subsequent biopsy.?*>> Yet, as a screen-
ing and diagnostic tool, it has a high level of false positives, and
expert professionals will likely be able to better discern the
lesions by COE alone.>”

Chemiluminescence

The application of acetic acid and chemiluminescent light is a
technique that is meant to aid in screening the oral cavity by
increasing OSCCs’ visual brightness and sharpness
(Figure 4a).*®>° The ViziLite system (Zila Pharmaceuticals,
Phoenix, Arizona) involves washing with 1% acetic acid
solution for 1 minute and then subsequent examination under
chemiluminescent light (wavelengths of 490-510 nm).” The
acetic acid wash dehydrates the tissue and increases the
reflectance of areas with more dense nuclei. Under chemilu-
minescent light, malignant regions will appear “acetowhite”
whereas normal epithelium will look blue.** A study con-
ducted by Epstein et al compared chemiluminescence to COE
and demonstrated that chemiluminescence found the same
amount of lesions as a COE. Yet, around half of the lesions
were easier to visualize (increased brightness and/or sharp-
ness) compared to COE.*® This finding was confirmed by
several groups who concluded that the ViziLite is not useful
as a diagnostic tool but can help increase visibility of lesions
(reviewed in study by Farah et al*").

Wide-Field Autofluorescence Imaging

Tissue autofluorescence is due to endogenous fluorescent
material naturally occurring within cellular structures (such
as collagen and keratin), metabolites (such as nicotinamide
adenine dinucleotide hydride [NADH]), and flavin adenine
dinucleotide (FAD).*® In lesions, changes in structure, such
as hyperkeratosis, hyperchromatin, or increased concentration
of FAD and NADH, can modify the autofluorescence emitted
by the tissue. Malignant regions have a loss in autofluorescence
when compared to normal tissue.*® Wide-field fluorescence
imaging devices, such as the VELscope (LED Dental, Inc,
White Rock, British Columbia, Canada), can be used to visua-
lize this loss of autofluorescence within the oral cavity
(Figure 4b).>” There are large ranges in the reported sensitivity
and specificity for the VELscope, exemplified by 5 reports
where this device was used to identify dysplasia or carcinoma
in situ; the sensitivity and specificity ranged from 30% to 98%
and 15% to 100%, respectively.*'*> Consistent readouts,
however, are highly dependent on a high level of training and
expertise.’’*® Additionally, it has been suggested that the
VELscope may be more effectively used as a tool to support
a COE by increasing sensitivity or helping to define surgical
margins rather than as a diagnostic tool due to the high pre-
valence of benign lesions in the oral cavity that may also show
a loss of fluorescence.***

Reflectance Confocal Microscopy

Reflectance confocal microscopy (RCM) provides for high-
resolution in vivo imaging at the cellular level using focused
laser illumination and detecting the back-scattered light.*® It
has been described as a tool to “optically section” tissue, so the
morphology of the tissue can be noninvasively visualized in
thin planes. The Vivascope microscopes are used to perform
RCM and can visualize 3- to 5-um thin optical sections at a 0.5
to 1 um resolution and up to depths of 200 to 300 um (Caliber
L.D., Rochester, New York; Figure 4c). Reflectance confocal
microscopy aids in visualization of OSCC based on nuclear
density and distinct, disorganized morphology of malignant
cells and tissue when compared to normal oral mucosa.**>?
Currently, RCM usage has increased greatly, particularly in the
dermatology field, and, since 2016 it has been approved on a
per-lesion basis by Centers for Medicare and Medicaid ser-
vices. Its suggested use is for diagnosis of basal cell carcinoma
when suspicion is particularly high, instead of a biopsy.”*
Additionally, confocal microscopy could be used in conjunc-
tion with a molecularly targeted imaging agent (eg,
S-aminolevulinic acid [5-ALA]) in order to improve contrast,
simplify identification of OSCC for diagnosis, and aid in defin-
ing surgical margins.>

Brush Cytology

Brush cytology is a technique to obtain cells from the oral
cavity and is a relatively painless procedure that can test mul-
tiple areas of concern in patients with a low risk of
0SCC.M"233637 1t can be performed by rinsing the mouth,
taking a sample of saliva, or scraping the surface of the mucosa,
such as with a toothbrush or a cervical cytobrush.>’>’ This is
followed by cytopathological evaluation. The prime commer-
cial example is the OralCDx (OralCDx Laboratories, Inc, Suf-
fern, New York), which is a brush biopsy device with
computer-assisted analysis.”>**® About 10% of all brush biop-
sied cases are abnormal, and while this technique may aid in
identifying malignancies, the gold standard for diagnosis
remains the scalpel biopsy.?® Thus, the main benefit might be
in avoiding scalpel biopsies if the cytopathological examina-
tion of a region comes back as negative for malignant cells,
depending on future studies of sensitivity and specificity, and
especially the negative predictive value. Several studies of oral
cytology brushes including the cytobrush, baby toothbrush,
OralCDx, and the Orcellex have reported promising sensitivity
and specificity, but standardized methodologies are needed in
the future.’® However, despite the relatively low cost of the
cytobrushes themselves, this technique remains resource
intense due to the need of cytopathological evaluation.

Molecularly Targeted Approaches

Many of the current screening methods available lack specifi-
city and have inconsistent evidence of their utility in clinical
practice. While they may aid in diagnosis or emphasize areas of
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Chemiluminescence

(b)
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Figure 4. Light-based detection systems as diagnostic adjuncts. (a) Mild dysplasia on the ventral tongue, left: white light, right: chemilumi-
nescence. (b) Severe dysplasia on the ventral tongue, left: white light, right: wide-field autofluorescence imaging with VELscope with arrow
pointing to the dysplasia. (c) Left: oral squamous cell carcinoma on the hard palate, right: reflectance confocal microscopy demonstrating
disorganized cells. (a) and (b) are macroscopic techniques; (c) is a microscopic technique. Adapted from Epstein et al®*®, Shin et al,*” and

Contaldo et al.*®

concern, their many pitfalls result in white light COE and scal-
pel biopsy remaining the gold standard.'' There is a clinical
need for a tool that can quickly, painlessly, and accurately
screen, diagnose, and delineate OSCC, and a molecularly tar-
geted optical imaging could fill this gap. Targeted imaging
agents specifically bind to certain biomarkers that are upregu-
lated in tumors compared to surrounding normal tissue. For
oral cancer detection, we consider an ideal targeted imaging
agent to be fluorescent, targeted against an abundant biomar-
ker, inexpensive, and simple to use. With this imaging tool, we
expect improved early detection of tumors due to ease of visua-
lization and increased accessibility to screening in various
regions and settings.

Lectins Targeting Sialic Acid

Glycans are a promising cellular target, as it has been demon-
strated that glycosylation is significantly altered in cancer cells

when compared to healthy cells.*'*"%% A tool for imaging these
changes is through lectins. Lectins react with the terminal,
nonreducing sugars of glycoproteins and glycolipids and,
therefore, have been explored for molecularly targeted imaging
of malignant cells.®® Lectins are inexpensive, stable at high
temperatures and low pHs, and have low toxicity.**
Sialylation is a modification of glycosylation, where sialic
acid is added to the terminal ends of glycoproteins and glyco-
lipids. These have been shown to increase in patients with oral
cancer.®>®7 A particular lectin that has been explored is wheat
germ agglutinin (WGA), a plant lectin that binds to sialic
acid.®® Despite the relatively large size of WGA (38 kDa),
which might limit tissue penetration, a topical application
approach has been shown by Baeten et al, where a fluorophore
was conjugated to WGA and its usage tested on ex vivo patient
biopsies.®® For the 7 biopsy samples, they utilized Alexa Fluor
350 conjugated WGA (AF350-WGA) and found that the tumor
region was significantly brighter than normal tissue with an
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Figure 5. Fluorescence-based diagnostic adjuncts. (a) Wheat germ agglutinin-FITC staining in the oral cavity of a patient with OSCC, left: white
light, right: WGA-FITC, A: squamous cell carcinoma with a high level of differentiation between normal tissue and malignancy by increased
WGA-FITC uptake, C: moderate dysplasia can display an increased or decreased WGA-FITC uptake. The example shows good differentiation
from normal tissue by reduction of WGA-FITC uptake. (b) Widefield fluorescence images of 3 oral specimens obtained pre and post labeling
with 2-NBDG. Neoplastic samples showed lower fluorescence pre-labeling than normal samples and a dramatic increase of fluorescence after
labeling. (c) Protoporphyrin IX-based OSCC imaging in combination with autofluorescence. A: moderately differentiated squamous cell
carcinoma under white light, B: wide-field autofluorescence demonstrating loss of fluorescence in the malignant area, C: 5-ALA induced PpIX
fluorescence with strong red fluorescence signal from the tumor area, D: overlayed autofluorescence and PplX images resulting in a “street
light” green/red contrast of tumor to the surrounding tissue. (d) Schematic of the imaging procedure for oral cancer detection using a PARPi-FL
based, orally applied solution in an ongoing phase /1l clinical study (NCT03085147) (left). Proof of principle of feasibility of tumor detection after
topical application of PARPI-FL (right). Adapted from Baeten et al,*® Betz et al,®” Nitin et al,”® and Kossatz et al.'®5-ALA, 5-aminolevulinic acid;
2-NBDG, 2-(N-(7-nitrobenz-2-oxa- |,3-diazol-4-yl)amino)-2-deoxyglucose; OSCC, oral squamous cell carcinoma; PplX, Protoporphyrin IX;
WGA, wheat germ agglutinin.
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average signal to noise ratio of 5.88 + 3.46 (P = .00046).
Specificity was tested using an inhibitory sugar that blocked
the binding sites of WGA. When preincubated with the sugar,
the fluorescence decreased 3-fold indicating that AF350-WGA
has a high specificity for sialic acid.®®

Recently, this same group utilized a fluorescently labeled
WGA with Fluorescein Isothiocyanate (FITC) (WGA-FITC) in
an in vivo clinical trial (Figure 5a).”! WGA-FITC was applied
topically to 64 suspicious lesions. The authors found that
WGA-FITC uptake could be either increased or decreased in
malignant/dysplastic areas, and they evaluated the level of dif-
ferentiation between normal and malignant tissue including
both positive and negative contrast. The sensitivity and

specificity were found to be 89% and 82%, respectively.”' The
WGA-FITC signal was also detected in ulcerated inflammatory
lesions such as herpes ulcers, angular cheilitis, inflamed
papilla, and a squamous papilloma lesion, causing false posi-
tives. Additionally, the sensitivity for cancerous lesions was
100% and for dysplastic lesions 81%.""

Glucose Metabolism

Glucose metabolism is a hallmark of cancer that has been
studied for decades.’”? Cancer cells have a tendency to increase
glucose metabolism and lactate formation through anaerobic
glycolysis—a process known as the Warburg effect.”® The
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radiolabeled glucose analogue 2-deoxy-2-('F)fluoro-D-
glucose (‘*F-FDG) images this pathway and has become the
standard radiotracer for tumor imaging via positron emis-
sion tomography (PET).”* 'F-FDG is clinically useful for
evaluating oral cancer in terms of assessing tumor aggres-
siveness, understanding tumor metabolism before and after
chemotherapy, and for staging lymph node and distant
metastases.”>’¢

However, in the specific case of early oral cancer detection,
the utility of FDG-PET is limited by the spatial resolution
of 0.3 cm®, complicating the search for small, early-stage
tumors.’® Additionally, due to dependence on a cyclotron and
the exposure to radioactivity, this approach is not feasible as a
screening tool.”® Yet, the concept of imaging glucose metabo-
lism is promising for visualizing early malignancy.*' Therefore,
a fluorescent analogue of 'SF-FDG, 2-(N-(7-nitrobenz-2-oxa-
1,3-diazol-4-yl)amino)-2-deoxyglucose (2-NBDG), was
synthesized and has been tested in oral cancer.”®’” Nitin et al
demonstrated when 2-NBDG was topically applied to oral
biopsy specimens, based on analysis of wide field imaging, there
was a 15- to 40-fold increase in signal in tumor when compared
to normal tissue (Figure 5b). Additionally, specificity was
demonstrated in vitro.”® Further research needs to be conducted
to determine sensitivity and specificity in vivo in order to
evaluate 2-NBDGs utility as a technique for screening and
diagnosing OSCC tumors.

Imaging Using Porphyrins

S-aminolevulinic acid is a precursor in the heme biosynthesis
pathway which produces the fluorescent and photosensitizing
Protoporphyrin IX (PpIX) as a metabolite. The administration
of excess exogenous 5-ALA can increase the production of
PpIX and its accumulation in highly proliferating tumor
cells.”® 5-ALA/PpIX has been used for both photodynamic
detection (PDD) and therapy (PDT) of tumors.”® 52
Photodynamic therapy is based on the ability of
photosensitizers to generate cytotoxic oxygen species in the
target tissue upon exposure to light of an appropriate
wavelength. Interestingly, 5-ALA can be administered
intravenously, intradermally, orally, or topically. The
clinical use of 5-ALA PDT is excellently reviewed in
studies by Baeten et al’' and Peng et al.®*> Fluorescence-
based imaging approaches based on 5-ALA/PpIX have been
translated to the clinic in skin, brain, and bladder imaging and
have also been investigated for oral cancer imaging.

A study was conducted to compare COE, wide-field auto-
fluorescence imaging, and 5-ALA fluorescence in patients with
oral cancer (n = 85). It was shown that tumor tissue demon-
strated a strongly increased PpIX fluorescence after topical
5-ALA application. Tumor identification and demarcation was
further improved by combining PpIX imaging with autofluor-
escence detection, which was reduced in tumor areas, increas-
ing the tumor to nontumor contrast. This combined imaging
method showed improved performance over traditional COE
and could be especially useful in the detection of precancerous

lesions, tumor borders, and areas of field cancerization (Figure
5¢).%” Another study on 54 patients used incubation of 5-ALA
for 1 to 2.5 hours and found red PpIX fluorescence in neoplas-
tic tissue of all patients. The maximum contrast was
detected after 1.5 hours, with tumor signals up to 12.5 times
brighter than surrounding healthy tissue. Biopsies were
taken from fluorescence-negative areas close to the tumor
and bright fluorescent regions, and sensitivity and specifi-
city of the 5-ALA-induced PpIX were determined to be 99%
and 60%, respectively.®*

Photofrin (Porfimer sodium, Quadra Logic Technologies,
Vancouver, Canada) is another tool that has been initially
explored as PDT agent. Photofrin injection for PDT has been
approved for usage in Barrett esophagus by the Food and Drug
Administration, but very few studies have been conducted
regarding its usage as a diagnostic imaging agent for OSCC.**
Chang et al conducted a study using a topically applied Photo-
frin on suspicious oral malignancies.®® Fluorescence of Photo-
frin was measured macroscopically and microscopically 3
hours after application. Bright fluorescence was detected in the
tumor region, which was confirmed by biopsy and histopatho-
logical analysis, and the authors reported high sensitivity
(92.45%-93.75%) and specificity (95.65%-97.50% for their
data set of 80 biopsies from 20 patients).®® More research needs
to be conducted to determine the specificity of Photofrin-based
detection for oral cancer.

Poly (ADP-ribose) Polymerase Imaging

Another biomarker that has been described for OSCC imaging
is the DNA repair enzyme poly (ADP-ribose) polymerase 1
(PARP1).'%%7#8 Initially, PARP1 has been described exclu-
sively as a therapeutic target, since the inhibition of its enzy-
matic function can sensitize cells to radiotherapy or even lead
to cell death, which has led to the development and clinical
translation of several small molecule PARP inhibitors.®**!
However, the fact that PARP1 expression is upregulated in
many different types of cancer”®’ makes PARP1 a good bio-
marker for imaging applications.'®!%

A study conducted by Kossatz et al determined that the
PARP1 protein is strongly expressed in OSCC biospecimens
(n = 12).'° Poly (ADP-ribose) polymerase 1 expression pro-
vided for clear differentiation between tumor and normal areas,
with a specificity of 97.2% and sensitivity of 97.4%. One study
determined that PARP1 gene expression was increased in both
leukoplakia and malignant OSCC relative to normal tis-
sue.'>'%" Interestingly, nonprogressive leukoplakia samples
showed significantly lower PARP1 gene expression levels than
progressive leukoplakia, which is at risk of transformation into
OSCC."? By identifying progressive leukoplakia, these could
be treated prior to becoming malignant, while many other non-
progressive lesions could be observed.'?

Consequently, several fluorescent PARP-targeted imaging
agents have been designed (reviewed in Carney et al'®®). All
agents are based on the clinically used PARP inhibitor olaparib
but have used different dyes for fluorescent labeling, including
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BODIPY-FL (PARPi-FL'%*), Texas Red (AZD2281—Texas
Red'®), BODIPY650 (olaparib-BODIPY650'%), photocaged
BODIPY (PARPi-BODIPY<¢'?’), and silicon containing rhoda-
mines (SiR,'%®). In vivo data showing successful, quick cell
penetration and accumulation in PARP1-expressing nuclei are
only available for PARPi-FL, which is labeled with the small,
hydrophobic BODIPY-FL dye.'” PARPi-FL has been evalu-
ated for oral cancer detection preclinically, and feasibility of
specific, high contrast imaging of subcutaneous and orthotopic
xenografts after intravenous injection has been
reported.'®"%!"!! From a clinical and translational perspective,
topical application of PARPi-FL would be favorable to intra-
venous injection; as a microdose can be administered topically,
systemic toxicity is negligible, and due to minimal risks for
patients, this administration route would potentially have
quicker integration into the clinical routine. Additionally,
OSCC originates from the mucosa and presents superficially,®
and diagnoses can be made at the epithelium.'® The feasibility
of topical application for PARPi-FL has been shown,'® and
subsequently PARPi-FL has entered clinical evaluation for the
detection of oral cancer in a phase I/II clinical trial that is being
conducted at Memorial Sloan Kettering Cancer Center (Clin-
icalTrials.gov identifier NCT03085147; Figure 5d).

Conclusion

In conclusion, many of the current tools, such as vital dyes,
light-based detection systems, and brush cytology, have been
shown to lack specificity and the general ability to discover
previously unidentifiable lesions. Thus, they have not been
adopted into general clinical use.'! Additionally, benign and
inflammatory lesions are often almost indistinguishable from
tumor, while some early malignant lesions will remain unno-
ticed when examined visually.>'""** Molecular-targeted fluor-
escence imaging could aid in improving early detection rates
for OSCC due to a potentially high specificity and selectivity,
noninvasive application, ease of use in many environments,
and easy to read results. In the future, sensitivity and specificity
might be increased further by novel approaches to combine a
specific fluorescence signal with autofluorescence imaging or
multichannel imaging. We anticipate usage of these agents in
primary medical and dental care settings as well as resource-
poor regions due to low cost, quick application and reading,
and relative comfort for the patient. They can be used to screen
and monitor high-risk patients through scanning the whole oral
cavity in order to determine whether a biopsy is necessary and
in which area. In the future, if high specificity is consistently
shown, they could be used as diagnostic agents.''?
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